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Microbiology of Frults and Vegelables

17.1  INTRODUCTION

The delection of human pathogens in fresh produce and ocecurrence of
cutbreaks of foodborne illness associated wilh contamunated produce. as
documented 1 previous chapters, represent serious public health problems.
Contamination of fruits and vegetables with human pathogens or organisms
causing spotlage also has imporfant economic consequences. Consequently,
it is in the interests of the prodoce industry to develop interventions to reduce
the risk of microbial contamination. I contamination is likely during
crop production or harvest, it is usually better to reduce this risk by avoid-
ance of contamination sources through implementation of good agricultural
practices {(GAPs). However, this i3 not always possible, and in such situa-
tions the growersshipper or processor must depend on washing and saniizing
ireatments as a second Hne of delense. It producs contamination occurs post-
harvest and conltamination sources cannot be eliminated through improve-
ments in plant lavout, implementation of good manufucturing practices
(GMPz), and improvements in plant sanitation, then washing and sanitizing
of produce and eguipment become the first Hine of defense. The subject of
washing and sanitizing technology for fresh produce has been reviewed
previously [1-3].

In this chapter we review the cfficacy, advantages, and disadvaniages
of conventional washing and sanitizing agents {or [resh {ruits and vegetables,
We also examine the regulatory status of interventions for decontamination
of produce and squipment. We examine the types of equipment available for
treatment application and their performance. We briefly consider some of the
{actors that limit the efficacy of cleaning and sanitizing agents and methods
of treatment. We examine the potential of new treatments for produce decon-
tamination. We also consider the problem of decontamination of fresh fruits
and vegetables in foodservice situations or in the home This chapter does not
examine vapor-phase treatments, surface pasteurization, nonthermal physical
treatmnents, or biological control methods, all of which are covered elsewhere
1 the book.

17.2  CONVENTIONAL WASHING TECHNOLOGY

17.2.1  WasHING AGENTS

17.2.1.%  Chlorine

Mosi freshly harvested fruits and vegetables are washed by the grower,
packer, or processor to remove soll, plant debris, pesticide residues, and
microorganisins {rom the commodity surface. This may be accomplished
by spraying or immersion in watet or solutions containing ane of a2 number of
cleaning or sanitizing agents, using equipment designed [or cach particular
commaodity ype, ¢z, lealy vegetables, root vegetables, frult vegetables, tree
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frotts, or melons. Chiorine 13 the most widely used sanstizing agent for fresh
produce. 1 may be added to wash water as Cly gas or, more commonly, as
sodigm or calcium hypochlorite. Tn water, at pH levels and concentrations
used on produce, these chlorine: sources are comveried (o hypochlorous
acid und hypochiorile 1on in a ratio determined by the solution pH [4,5]
At pH 6.0, roughly 97% of the unreacted chlorine is hypochlorous acid,
whereas, at pii 9.0, 97% is hypochlorite ion. The antimicrobial activity of these
solutions is due largely to hypochlorous acid rather than to hypochiorite.

The concentration of chlorine in a wash solution is sometimes expressed
as total available chlorine {(or total residual chlorine = combined residual
chlorine + free residual chlorine), based on the caleulated amount present
in the added hypochlorite or chlotine, or determuned by oxidation of Ki to
15, which may not be indicative of the actual potency as a sanitizer because
of the inclusion of reaction products such as monochloramine which are
not very effective as samitivers. Preferably, the chlorine concentration ean be
expressed as [ree available (or residual) chlorine, the sum ol hypochlorous
acid and hypochlorite jon concentrations {5 The total or free chiorne
concentration can be monitored by means of test kits, based on colorimelry
twww._chemetrics.com; www.emscience.com, www. hach.com), or by measure-
ment of the oxidation—reduction potential (ORP). Chlorine is highly reactive
with certain tvpes of compounds in organic materials and soils that are
feached or washed from fruits and vegetables. If this chiorine sink is excessive,
the free chiorine conecentration will be depleted rapidly. Computerized
ORP systems that monitor the pH and chlorine concentration can be used to
control the level of chiorine in a wash tank m such situations (www.pulsein
struments.net; nwmerens other suppliers listed on www.globalspec.com).

Use levels of ohilorine will depend on allowable levels, the commodity, and
the anticipated microbial load. The ULS. Food and Drog Admintstration (FDA)Y
specilies a use level for washing fruits and vegotables not to excesd 0.2% when
followed by a potable water rinse [6). The U8, Environmental Protection
Agency (EPA)Y exempts calelum hypechlorite “from the requirement of a
tolerance when used preharvest or postharvest in solution on all raw agricultural
commodities” [7]. The concentration range of 30 to 200ppm 18 commonly
used for most commoditles, However, as much as 20000 ppm caleium hypo-
chlorite may be used to sanitize alfulfa seeds intended lor sprout production
because of the fallure of other freatments to disinfect adequalely seeds
and sprouts, and the high risk that sprouts grown from contaminated seeds
may be a source of salmonella or Eschierichia coli 015717 outbreaks [8-10].

Uhlaring is highly effective for inactivating planktonic cells of bacteria,
yeasts, molds, and viruses, although bacterial and fungal spores are consider-
ably more resistant [3]. However, chiorine is less effective for inactivating
bacteria attached to produce surfaces or embedded within the product [11-18].
Typically. population reductions of native mucroflora on produce surfaces
or of human pathogens on moculated produce are no greater than Zlogs
{99% ). While such reductions can greatly reduce spoilage, they are msufficient
to ensure safety 1 the event of containination with human pathogens.
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The activity of chlosinated water may be increased by the addition of
an acidulant or buffer so that the pH is shifted from an alkaling valus (about
pH 93 to the neutral to slightly acidic range (pH 6 to 7). thereby increasing the
proportion of hypochlorous acid in the equilibrium mixture, Organic acids
such as citric acid or miperal acids such as phosphoric or hydrochloric acid can
be used for this purpose. I{ the solution pH s too low (e.g., below pH 4),
hyvpochlorous acid may be converted to free chlorine which is subject to off-
cassing. This will result in a loss of activity and may be potentially hazardous.
Additionally, equipment corrosion 15 enhanced as pH levels drop below as well
as rise above nentrality. Unpublished data obtamed at the Bastern Regional
Research Center indicated that hypochlorite solutions acidified with 4 mineral
acid were more siable than solutions acidified with aitric acid {191 Buffers
for hypochlorite solutions ave available commercially (www.cerexagricom).

The effectivencss of chlorine in Inactivating microorganisms on produce
may be enhanced by adding a surfactant to the solution so thal it can penctrate
into the irregular crevices and pores on produce surfaces whete microorganisis
may lodge and escape conact with a sanitizer, Several commercial surfactant
{ermulations have been developed for this purpose (wwiw.cerexagri.com/usa/
Markets/Cleaners). Addition of a nonionic surfactant improved the efficacy of
chiorine agaiust decay fungi in pears [20.21]. Washing formulations contain-
ing sodium hypochlorite, buffers, and surfaciants have been described by
Park ef af. [22] and marketed by Bonagra Technologics under the name Safe-
T-Washed ™ {www bonagra.com). The efficacy of chlorine in reducing the
microbial Aora of shredded icebers lettuce was Ingressed by elevating the
sofution temperature to 47°C [23]. However, no greater reduction ol non-
pathogenic E. coli (ATCC 25922) populations op inoculated apples was obtained
when apples were washed at 50 or 60°C compared to 20°C using 200 ppm Cly
{added as sodium hypochlorite), adjusted to pH 6.5 with citric acid [19}.

Chlorine’s major advantages are its broad specirum of antimicrobial acti-
vity, ease of application, and low cost. However, chlorine 15 highly corrosive
and may damage stainless steel cquipment after prolonged exposure. {ts other
major disadvantages are rapid depletion in the presence of a high organic load
[24], and the potential carcinogenicity and mutagenicity of its reaction prodacts
with organic constituents of foods [25-27). This is a matter of concern 10
processors, regulators, and consumers {28]. For these reasons, and the desirabi-
lity of obtaining greater population reductions, the development of altcrnative
sanitizing agents has heen an active area ol research, and a limited number
of agents suitable for use on fresh produce have been commercialized.

Flectrolyzed water, a technology developed largely in Japan [29.30] is
really a special case of chlorination. This technology is discussed in detail in
Chapter 22 ‘

17.2.1.2  Alternatives to Chlorine

A number of commercial detergent formulations Have been developed for
washing fruits and vegetables: In addition, three approved sanitizing agents
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TABLE 171 .
Advaniages and Disadvantages of Commercially Available Sanitizing Agents
for Washing Fresh Fruits and Vegetables

Sanitizing Use level
agent {ppm) Advantages Disadvantages

Chiotine 50200 Basy to apply, inexpensive, Decomposed by organic
effective agamst all microbial matter, reaction producis may
farms, nat affected by hard be hazardous, corrosive to
water, easy o monitor, FDA metals, irritating to skin, activity
approved pH-dependent, population

reductions limited to < I-2lops

Orong 0.1-2.5 More potent antimicrobial Reguires onesile generation,
than chiorine, no chlorinated reguires good ventilation,
reaction products formed, phytotoxic at high concentra-
ecenamical to operate, tions, corrosive to metals, diffi-
self-atfirmed GRAS, but FDA cult to monitor, higher capital
review possible, activily not cost thun chiorine, o residual
pli-dependent affect, population reductions

. hmpited lo < 1-2ogs

Chlorine 1-5 More potent than chlorine, Must be generated on-site,

dioxide - activity not pH-dependent, explosive at bigh concentrations,
fewer chlorinated reaction not permitted for cut fruits
products formed than with and vegetables, population
Cla, effective agalnst biofilms, reductions mited to < 1-2logs,
1A approved, residual generating systems expensive
antimicrobinl action, less '
corrosive than Cly or O

Peroxyacctic <89 Broad spectrum aniimicrobial Population reduction lmited

acid action, no pH contol required, - to < l-2logs, strong oxidant,

low reactivity with soll, effective
against biofilms, FDA
approved, no hazardous
breakdown products, no on-site
generation required.
monitering not diffieult,
available at safe concentration

concentraied solutions may
be hazardeus

are available as alternatives to chlorine: chlorine dioxide (or acidified sodium
chlorite), ozone, and peroxvacetic acid. The advantages and disadvantages of
the agents deseribed in the following sections are compared in Table 17.1.

i7.2.1.2.1 Detergent Formulaiions

Among the detergents approved by the FDA for washing produce are
sodium n-alkylbenzenesulfonate, sodium dodecylbenzenesulfonate, sodium
mono- and dimethyl naphthalenesulfonates, sodium 2-ethylbexyl suifate,
and others [6]. These formulations may be neutral in pH, acidic due to the
presence of cliric or- phosphoricacid, -or alkaline because of -the addition
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of sodium or potassium hydroxide. Major suppliers of detergent formulations
for produce cleaning include Cerexagri (formerly Elf Atochem N.A., Inc,
source of Decco products) (800-221-0923; www.cerexagri.com), Microcide,
Inc. (www microcideine.com), and Alex C. TFergusson, Inc. (806-345-1328;
www.alcocare.com).

These products are designed to remove soil and pesticide residues
from produce and do not contain antimicrobial agents per se. Relatively little
information is available concerning the ability of these products to remove
or inactivate microorganisms attached to produce surfaces, However, their use
can result in significant population reductions. Sapers e @l reported that
some commercial washing formulations could achieve population reductions
as great as | to 2logs in decontaminating apples inoculated with a non-
pathogenic E. cofi, comparable to reductions obtained with hypochlorite {16}
When these products were applied at 50°C instead of at ambient temperaturc,
a 2.5log reduction was obtained. Wright er ol [31] reported similar elficacy
with a commercial phosphoric acid froit wash and with a 200 ppm hypo-
chlorite wash, cach applied 1o apples inoculated with E. cali G157 H7. Kenney
and Beuchat [32] compared the efficacy of representative commercial clean-
fng agents in removing or inactivating K. cofi Q15TH7 and 8. muenchen on
spot-inoculated apples. They obtained reductions as great as 3.1logs with an
alkaline product and as great as 2.7logs with an acidic product, reductions
generally being greater with salmonella. Raiden er ol [33] compared the
efficacy of water, sodium lauryl sulfate, and Tween 80 in removing Salmonella
spp. and Shigelle spp. [rom the surface of inoculated strawberries,
tomatoes, and leal lettuce. They obtained high removal rates but conciuded
that the detergents were no mere effective than water. However, this result
may have been a reflection of the brief time imterval {1 hour) between
inoculation and treatment, which may have been msufficient for sitrong
bacterial attachment. In nature, the interval between preharvest contamina-
tion and postharvest application of a wash may be days or weeks, sufficient
time for strong attachment and even biofilm formation.

In a study of cantaloupe rind decontamination, Sapers et al. [34] repos-
ted reductions in the total aerobic plate count of about 1.3logs when the rind
was washed with a 1% solution of a commercial produce wash containing
dadecyibenzene sulfonic acid and phosphoric acid (pH 2} at 50°C. Sequential
washing with this product followed by treatment with 1% hydrogen pero-
vide, both at 50°C, resulted in 2 3.1log reduction. Both washes extended
the shelf life of fresh-cut cantaloupe prepared from the treated melons. No
significant population reductions were obtained when the cantaloupe rind
was washed with agueous solutions of sodnr dioctyl sulfosuccinate or sodium
2-ethylhexyl sulfate.

17.2.1.2.2 Chilorine Dioxide

Solutions of chlorine dioxide and - acidified sodivm - chlorite” have bedn
used commercially as-alternatives to chiorine for sanitizing fresh produce.
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Chlorine dioxide is considered to be efficacious against many classes of
microorganisms {51 Chlorine dioxide and acidified sodium chlorite are
approved by the FDA for use on fresh produce {35,36], but chlorine dio-
xide Is not permitted for use on fresh-cut products, Chlorine dioxide must
be generated on-site, usually by reaction of sodium chiorite with an acid
or chloring gas. Information concerning various proprictary gemerating and
stabilizing systems are available from suppliers such as Vulean Chemical
(R00-873-480¥), Alcide Corp. (Sanova™: www.alcide.com/sanova), CH2O0 Inc.
(Fresh-Pak ™, www.ch2o.com), Rio Linda Chemical Co., Inc. (916-443-4939),
Bio-Cide International, inc. {Oxine™; www hiocide.com), International
Dioxcide (www.idicloZ.com), Alex C. Fergusson (800-343-1329, www.afco
care.com), CING Technology, Tne. . {www.cdgiechnology.com), and others,
Unlike chlorine, chiorine dioxide is claimed to be effective over a broad
range of pH levels, more vesislant to ncutralization by the organic load, and
unlikely 1o produce wibalomethanes (see Oxine Technical Data Sheet;
www.bio-cide.com). Chlorine dioxide also 1s claimed to be less corrosive than
chlorine and to be effective against bacteria in biofilms. However, generation
of chlorine dioxide by reaction of sodium chlorite with acid or Cly must be
carefully controlled to avoid production of high concentrations of Cl10; gas
which can be toxic and explosive (MSDS for IWER-San 15 sodium chlonite;
www.ch2o.com). Additionally, unlike chlorine, chlorine dioxide dissolves
in water as 4 gas and s subject to off-gassing if the water is moving or used
in washers. In that situation, special venting would be reguired to prevent
worker discomfort.

The efficacy of chiorine dioxide in disinfecting produce is comparable to
that of chlorine. Published reports indicaie that chlorine dioxide and related
products were potentially effective in preventing potato spoilage by Erwinia
carotovora 371, reducing populations of E. eoli O15T:HT, §. Monievideo,
and poliovirus on inoculated strawberries [38], reducing the population of
E. coli O15T:HT on inoculated apples (but al a treatment level 16 times the
recommended concentration) {39], and suppressing decay in pears [40)
Treatments were less effective in suppressing microbial growth on the surface
of cucumbers [41] Fett obtained only a llog reduction in allalfa sprouts
irrigated with acidified sodium chlonte [42). Population reductions o
L. monpeyiogeney on uninjured surfaces of inoculated green bell peppers.
washed with ClO, solution (3mg/l), were about 2logs greater than could
be achieved with a water wash, but reductions were negligible on injured
surfaces {43] In contrast, these investigators obtained popuiation reductions
of 7.4 and 3:6logs on uninjured and injured surfaces of peppers, respectively,
using a CIO; gas treatment {sce Chapter 18).

I72.1.23 COzone

The efficacy of azone in killing human pathogens and other microorgansms in
waicer s well established [44], and it s widely used as'an alternative fo chiorine
in municipal watler treatment systems.and. for production of bottled water
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[45]. Ozone is effective in killing food-related microorganisms 46] and bas
been approved for use on foods by the FDA [47]. Polential apphea-
tions of ozone in disinfecting {oods have been reviewed [48,49]. Ozone s
effective in reducing bacterial -populations in flume and wash water and
may have some applications as a chlarine replacement in reducing
microbial populations on produce [50.51]. Ozone treatment was eifcctive n
suppressing decay of table grapes by Rhizapus stolonifer [52]. Use levels of
0.5 to 4.0pg/ml are recommended for wash water and 0.1 pg/mi for flume
water [53,54].

However, not all azone treatments show high efficacy. Ozone treatment of
fresh-cut lettuce, inoculuted with a mixture of patural microfiora, yielded
reductions of only [.ilogs [18]. Treatment of lettuce, inoculated with
Pyenudomonas fleorescens, with 10 ug/ml of ozone for 1 minute & achieved less
than a 1log population reduction [50]. While ozone treatment of apples
inoculated with E. coli O157:H7 was effective in reducing populations on the
surface (3.7log reduction), reductions were <1log in the stem and calyx
regions {555 Ozone treatment of pears (5.5 pg/ml water for § minutes) was
ineffective in reducing postharvest fungal decay [36]. Population reduc-
tions obtained by ozone treatment of alfalfa seeds inoculated with £ cofi
O157:H7 were only marginally better than those for water-ireated controls
[575. In another study, ozone treaument of alfulfa seeds, moculated with
L. monocylogenes, was ineffective in reducing the population of this pathogen,
while treatment of inoculaied alfalfa sprouts reduced the L. monocyfogenes
population by < 1log and was phytotoxic to the sprouts |58]. These results are
probably a reflection of the difficulty in contacting and inactivating bacteria
attached to produce surfaces in inaccessible sites (see Chapters 2 and 3).

One of the major advantages claimed for ozone is the absence of poten-
tially toxic reaction products. However, ozone must be adequately vented
to avoid worker exposure [48]. Ozone has o be generated on-site by passing
air or oxygen through a corona discharge or UV light [48[. A number of
commercial systems for generating oronated water for produce washing are
available. Informalion about commercial ozone generators is available on-line
from Adr Liguide (www airliquide.com), Praxair, Inc. (www.praxair.com),
Novazone (www.novazone.net), Pure Ox (www.pureox.com), Osmonics, Inc.
(wwiw.ostonics.com/food), Ozonia North America, Inc. (www.ozonia.com),
Lynntech, Ioe. (:WW\'\-.i}']lméﬂﬂ,h.bﬂmj. Clean Alr & Waler Systems, loe.
(360-394-1525), Electric Power Rescarch Institute {(EPRIL www.epricom),
and others. For information aboul ozone gas disinfection treatments, see
Chapler 18.

17.2.1.2.4  Peroxvacetic Acid

Peroxyacetic acid (peracctic acid) is an equilibrium mixture of the peroxy
compound, hydrogen peroxide, and acetic acid. [39-61]. The superior
antimicrobial properties of peroxyvacetic acid are well known [59]. Peroxyacetic
acid is approved by the FDA for addition to wash water at concentrations

R7565-08



Washing and Sanitizing Treatments for Fruits and Vegetables

not to exceed 80ppm [6]. Under EPA regulations, an exeraption from the
requirements of a tolerance was- established for -peroxyacetic acid as an
antimicrobial treatment for fruits and vegetables at concentrations up to
100 ppm [62]. Much higher' concentratiofis -are permitted for santtizing food
coniact surfaces [03] Peroxyacelic acid decomposes mto 1@6?2@ amd water, and
oxvgen, all harmless residuals.

Peroxyacetio-acid 1s mcmmmenduﬁ for usc in treating process water, but
Ecolab. one of the major suppliers, is also claiming substantial reductions in
microbial populations on [ruit and vegetable surfaces [64]. However, company
literaturc provides insufficient information on methodology to assess treatment
efficacy {www.ccolab.com/initiatives/foodsafety). Population reduclions for
aerobic bacteria. coliform bacteria, and veasts and moids on fresh-cut celery,
cabbage, and potatoes treated with 80 ppm peroxvacetic acid were less than
1.5 logs [65]. Addition of 40 ppm Tsupami 100.(the Ecolab peroxvacetic acid
product) to the irrigation water used during sprout propagation did not
suppress the outgrowth of the native microflora {42, Treatment with 100ppm
Tsunami reduced the population of E ¢ofi O157:HT7 and 5. Montevideo
on inoculated “sfrawberries by about 97% [38]. -Several published studies
have looked at-the efficacy Gf peroxyacetic acid against Foocof Q1377
on inoculated dapples. Attempts to disinfect apples, noculated with £ coli
G157 HT, by wasl mm with 80 ppm peroxyacetic acid 30 minutes after inocu-
lation resulted in a 2 log reduction compared to a water wash [31]. However, in
another study whu inoculated apples were held for 24 hours before washing
{allowing more time for attachment}, an 80 ppm peroxyacetic acid treatment
reduced the £ coli O137:HT population by fess thun llog at 16 times the
recommended concentration; a3 log reduction was obtained [39]. Sapers ef al.
[16] reported similar. results with apples ihoculated with a nonpathogenic

E. coii. Like ozope and chiorine dioxide, low concentrations of peroxvacetic
acid ave effective in killing pathogenic bacteria in aqueous suspension [39].
Addition of octanoic acid to peroxyacetic acid solutions increased efficacy
in killing veasts and molds in fresh-cut vegetable process waters but had
little effect on population reductions on fresh-cut vegetables [65].
Peroxvacetic acid is a strong oxidizing agent and can be hazardous to
handle at high concentrations, but not at strengths marketed to the produce
industry. Peroxyacetic acid is available al various strengths from Ecolab, Inc.
{www.ceolab.com), FMC Corp. (www . fmcchemicals. mm) and Solvay Interox
(www solvayinterox. wm}

17.2.2  WasHing EQUE?MENT
17.2.2.1  Types of Washers

Washing equipment for produce is designed primarily for removal of soil,
debris, and any pesticide residues from the harvested commodity. The design of
most commercial equipment has not taken into account requirements for the
reduction of microhial populations on produce surfaces although this is a
desirable goal of washing,
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FIGURE 17.% Commercial washing equipment for fruits-and vegetables: (ay flat-bed
brush washcr; (b} U-bed brush washer: (¢} rotary washer; (d} -pressure washer; (¢, )
flume washers; (g) helical washer.
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Numerous types of washers have been developed for cleaning fresh fruits
and vegetables, varving in complexity from a gurden hose used for cleaning
apples prior to farm-scale cider production (an vnsatisfactory procedure due
to lack of control) to sophisticated systerns employing rotating brushes
and applying heated water under pressure with agitation. The more common
types of commercial washers for produce include dump tanks, brush washers,
reel washers, pressure washers, hydro air agitation wash tanks, and immersion
pipeline washers (Figure 17.1). Major suppliers of such equipment are listed
on the Postharvest Resources website of the University of Florida (http://
postharvest.ifas. ufl.edu). The choice of washer for a particular commodity will
depend on such characteristics of the comunedity as shape, size, and fragiiity.
It 15 obvious that equipment requirements are quite different for cut lettuce
than for tomatoes or potatoes.

17.2.2.2 Efficacy of Washers

The efficacy of commercial flat-bed and U-bed brush washers in removing
or inactivating a nonpathogenic . colf on artificially contaminaied apples was
investigated by Annous et ol [66] and Sapers [3]. These studies demonsirated
that the &, coli population could be reduced by about | log (90%) by passage of
the apples through a dump tank with minimal agitation (Table 17.2). However,
further cleaning of the apples in a flat-bed brush washer had little further
effect on the E. coli population, irrespective of the cleaning or samtizing agent
used {water, 200 ppm Cly, 1% acidic detergent, 8% trisodium phosphate, 5%
H-05). Similar results were oblained with a U-bed brush washer. Subsequent
studies by the investigators showed that the bacteria that had attached in the

TABLE 17.2 ;

Decontamination of Apples Inoculated with £ coff (Strain K12) with
Sanitizing Washes Applied in a Flat-Bed Brush Washer

E. colf (log,o CFU/D®

Wash treatment Temp. °C) Before dump tank  After dump tank  After brush washer

Water 20 549+0.09 4925037 4814026
' 50 5.4940.09 303015 4394008

Woppm Ty« 2D 5874007 A3 008 5644023
8% NaPOy 20 - 5494009 5025043 498 £ 042
_ ] 5494009 . 3022008 47540.45
1% auidic delgrgent. 38 5874007 5.49--0.03 5.42+0.50
5% Ha0y 26 5.8740.07 5.46£0.40 5274009

5

360 SRTH0.07 5.5440.31 5494 0,10

T Wean of four determinations -+ standard deviation.
From Annous, BA. ¢f al, J. Food Prot., 64, 159, 2001, Reprinted with permission. Copyright
International Association for Food Pratection, Des Moines, A
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TARLE 17.3 o | |
Distribution of E. colf (ATCC 25922) on Surfaces of Inoculated Apples Before
and After Washing with 5% H,0, at 50°C

Lo (CFU/cm?)

24t after inoculation 72 h after inoculation

Location ' © Cingculated Washed Inoculated Washed
Skin cxcept at calvx and stem ends- 477 2,05 4,37 1.63
Skin at calyx end of core T26 §.20 6.79 4.46
Skin on stem end of core 6.63 5.06 3.61 489

From Sapers, G.M. ef al., 1. Foad Sci., 65, 529, 2000. Reprinted with permission.

relatively lnaccessible stem and blossom ends of the apples; or were internalized
within. the latter region, survived washing while E. cofi attached elsewhere
on the apple surface were readily mactivated (Table 17.3). Greater efficacy
was obtained when the apples were washed by full immersion tn a sanitizing
solution with vigorous agitation {67].

Gagliardi er al. {68] examined commercial practices for washing melons
produced in the Rioc Grande River Valley of Texas. They reported little or no
reduction in the population of coliforms, fecal coliforms, enterococei, and
fecal enterococat in cantaloupes and honevdew melons that were washed with
water in a tank and then spray rinsed on a conveyor line. Use of chlorinated
water 1n the secondary rinse appeared to reduce the populations of fecal
coliforms and fecal enterococci but not total coliforms and enterecocci.
Laboratory-scale washing studies with cantalonpes that had been dip-
imoculated with Sefmonella Stanley or a nonpathogenic E. cofi (ATCC
25922y demonsirated that the population reductions obtained by immersion
ol the melons in 200ppm Cly. or 5% Ho0; decreased as the time inferval
between tnoculation and washing inercased from 24 hours to 5 days |69, 701
However, the efficacy of these reatments in inactivating L. moaccyiogenss on
moculated cantaloupes 'was not dependent on the length of slorage between
inoculation and treatment [71]. Sapers ¢f @/, obtained minimal mactivation of
L. coli B-766 (a surrogate for S Poona) when dip-inoculated cantaloupes
were fmmersed in 300ppm Ch for 3 minutes {72}, Apparently, cantaloupes
are especially difficult to disinfect, even if fully immersed in the sanitizing
solution. This may be due to the movement, attachment, and possible biofilm
formation by the targeted bacteria within inaccessible pores in the netfting so
that contact between the sanitizing solution and the attached bacteria 18
minimal. This s borne out by the success of treatments with 3% H.O, at
70°C or near boiling water where heat penstration contributes to the efficacy
of the antimicrobial treaiment {73} (see Chapter 10). Such treatments can
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greatly reduce the risk of transfer of human pathogens from the rind surface
to the flesh during freshecul processing.

17.2.3 Factors LIMITING THE EFRAICACY oF WasHING

The action-of commercial washing agents and equipment in removing-or
inactivating microorganisms on fresh produce is not well understood. In
general, microbial populations on produce surfaces are not easily detached or
mactivated for a number of reasons discussed i Chapters 2 and 3. Briefly,
the microbial contaminants may become strongly attached to the produce
surface by physical forces within a shott time of contamination or mcorporated
within a biofilm over a longer time period. Microbial contaminants may
be Jocated in a protected attachmeont sife, o.g., a cut surface, puncture, or pore,
where a wash solution cannot reach. Microorganisms also may become
internalized within the commodity either during crop nroduction or when
submerged in water in.a packing plant dump tank or flume as a conssquence
of infiltration driven by 4 negative temperature differential or by hydrostatic
pressure, Consequently, the inaccessible population will escape direct contact
with a cleaning or samtizing agent m a commercial washer. These conditions

are discussed in greater detail m an earlier review article [3] and in Chapter 3.

17.3  NOVEL WASHING TECHNOLOGY

Beciuse the commercially available alternatives to chiorne discussed above
generally cannot achieve population reductions of human pathogens on
contaminated produce much in axcess of 2 logs, which ¢ insulficicnt 1o ensure
safety, a number of experimental treatments have been examined (o obtain
greater - efficacy. The efficacy and regulatory status of some of these
experimental treatments are described in the following.

17.3.1  HvyproGeEN PEROXIDE

Hydrogen perexide is a highly effective antimicrobial agent against bacteria
but s less active against yeasts, fungi, and viruses. [59]. Characteristics and
potential food apphcations of hydrogen peroxide as a sanitizer for produce
were vecently reviewed by the author {74l Hyvdrogen peroxide may be
considered as a potential alternative to chlornne. Numerons studies have
demenstrated . the efficacy of dilute hydrogen peroxide in sanitizing fresh
produce including mushrooms [75-77], apples [16,67.781, melons {34,69,70,73),
eggplant, and sweet red pepper [80] In. side-hy-stde comparisons, dilure
{1 1o 5%) hydrogen peroxide washes were at lcast as effective as 200 ppm
chlorine [16,79]. When applied to apples with vigorous agitation at an elevated
temperature (530 to 60°C), population reductions approaching 3logs were
obtained [67]. However, temperatures exceeding 60°C coukd not be used
without mducing browning of the apple skin. Hydrogen peroxide treatments
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were ineffective in decontaminating sprouts [42] or the seeds used (o produce
sprouts [811

While treatment with hydrogen peroxide vapor can reduce microbial
populations on grapes [82], melons [83], and prunes [84], required treatment
times are long compared o the application of a dilnte hydrogen peroxide
dip [85]. The vapor treatments proved o be ineffective with apples [86] and
produced discolorations with mechanically damaged berries [854,

The regulatory status of hydrogen peroxide as a washing agent for produce
is unclear. The FDA has jurisdiction if the washing (reatment is applied as part
of u processing operation, while the EPA has jurisdiction if the treatment is
applied 10 a raw commodity. While fresh produce clearly falls within the EPA
regulations, fresh-cut produce is under FDA regulations. However, if the wash
treatment is applied to the raw produce before cutting, and if this operation
is carried out in a receiving arca, separate from the processing room, it
wounld appear that BPA regulations apply. Under FDA regulations, hydrogen
peroxide is GRAS (generally recognized as safe) for some specified food
applications, provided that residual HyOn is removed “by appropriate physical
and chemical means during processing,” but the regulation does not cover
hydrogen peroxide as a washing or sanitizing agent [or produce [87]. According
to an Agency Response Letter (GRAS notice no. GRN 000014, May 26, 1999)
a petition to the FDA to amend the regulation would be required to seek
approval for a new application {in this case, reduction ol the microbial load
on omons prior to dehydration; http://vm.cfsan.fda.gov/~rdb). Peroxyacetic
acid formulations, which contain low levels of hvdrogen peroxide (59 ppm);
are approved by the FDA for use in washing fruits and vegetables [6]. A
higher concentration is permitted if the formulation is used to sanitize food
contact surfaces [63] Under EPA regulations, postharvest hydrogen peroside
applications to produce as an antimicrobial treatment are exempt from the
requirements of a tolerance if the concentration is <1% per application [38].

The presence of residual hvdrogen peroxide should not represent an
obstacle to use of this agent as a produce sanitizer. Most fruits and vegetables
contain sufficient catalase to permit rapid breakdown of residual peroxide to
water and oxygen. Peroxide residucs could not be detected m mushrooms,
appies, or cantaloupes following hydrogen peroxide wash treatments [16,34.77].

Tnformation on hvdrogen peroxide applications can be obtained from
FMC Corp. (www.fmechemicals.com), Solvay Interox {www . solvayinterox.
com), US Peroxide (b202.com), and Degussa Corp. (www.degussa.com).
BiosSale Systems (www. biosafesystems.com) i marketing a formulation
containing hydrogen peroxide and peroxyacetic acids {Storox®) for sanitizing
fruits and vegetables: the recommended maximum use level is 0.27%.

17.3.2  TrisoDium PHOSPHATE AND OTHER ALKALINE
WASHING AGENTS

Trisoditmm phosphate (TSP) has been marketed by Rhodia- Specialty Phos-
phales {www thodia-phosphates.com) as an antimicrobial rinse (AvGuard®,
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Assur-Rinse®™) to reduce human pathogen populations on processed beel
and poultry, TSP is classified as GRAS by the FDA [891.

The antimicrobial activity of TSP probably is due to its high pH (pH 12)
which disrupts the cvtoplasmic membrane [90,91]. Highly alkaline washes
based on sodinm and potassium hydroxide (pH 11 {0 12) resulted in 3log
reduclions in the population of a vonpathogenic E. coli on surtace-inoculated
oranges (921 A 30-minute dip in 0.25% calcinated calelom suspension, another
highty alkaline product derived from oyster shells (pH 10}, reduced the
native bacterial population on cucumbers by about 2logs [93] In a more recent
study, Ban er ol {94] =‘cp::3‘f%.e:d population reduoctions excesding 3logs on
iomaims that had been surface inoculated with B eoli O157T:H7, salmonelia
strains, or L. monocyrogenes and ireated with 0.5% calcinated caleium. Thes
exceptionally high population reductions (for a wash) may be a refle ‘Lwﬂ
of the brief interval (30 minuies) between inoculation and treatment used
by these investigators, Sapers et ol [67] obiamed population reductions
approaching 3logs when apples that had been dip-inoculated with &, cofs
{ATCC 25922 were washed with §% hydrogen peroxide, followed by brushing
the calyx and t‘;tcm arcas with a paste of calcinated calcium; the population
reduction was < 2 logs with only the perexide wash, T5P solutions (12 to 15%)
were highly effective in reducing S, Montevideo populations on inoculated
tomato %m{a’ g but fatled to inactivate completely this organism in the tomato
core tissue [93]. Survival in the latter tissue probably resulted from bacterial
nfiliration. Sapers ¢ al. (78] reported a 2log reduction in a mmpd{ hogenic
L. eoli stram on inoculated apples washed with 4% TSP at 50°C. A 1% TSP
wash reduced the p@pumion of E. coli O15T:HT and & Mmiewdw on
strawherries by 93 and 96%, respectively [38] Treatment of lettuce with
2940 TSP was inefleetive in killing L. monacytogenes [14]. fkddman of 0.3% TSP
to the irrigation water was meflective in reducing the native microflora on
aifaifﬂ, sprouts [42]. TSP was reporied to be highly cffective in inactivating
veoli O137TH7 in biofilms but less effective against & Typhimurium and
L monocvicgenes 1n biofilms [96].

17.3.3  Onoanic Aios

Organic acids such as lactic and- acetic acids are effective antibacterial
agents [97] and are classified by the FDA as GRAS {98,991 Q1CFRIS4L1005;
ZICFRIB4.1061). Lactic acid dips and sprays are used commercially to decon-
taminate ammal carcasses containing £, eofi O13TT, L. monacyiogenes,
and salmonella [100] (see additional information from Purac America,
Inc., www.purac.com}y. Lactic acid rinses might have applications lor the
iwonhimzmimn of fruits and vegetables. A 5% acetic acid wash was reported
to reduce the population of F. paii O157:H7 on inoculated apples by
about 3iogs [311. In another study, apples that had been inoculated with
£ epli O15THT were treated with 5% acetic acid at 557C for as Jong as
25 minutes. While the £, cofi population was greatly reduced in-the apple
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skin and stem areas, as many as 3 (o 4logs survived in the calyx tissue [101].
In a more recent study, application of 2.4% acetic acid to apple disks that had
heen inoculated with S. mbanduke or . Typhimurium resulted in population
reductions of 1.1 and 1.4, respectively [102], However, the combination of
594 acetic acid with $% hydrogen peroxide vielded a population reduction
approaching 4logs. 1t is nol clear whether organic acid treatments wonld
produce off-flavers or discoloration in treated produce.

17.3.4  O1urr EXPERIMENTAL ANTIMICROBIAL
WASHING AGENTS

Cetylpyridinium chloride (CPCY is being marketed as Cecure® for use in oral
hygiene products and may have application as an antimicrobial rinse for fresh
produce and other foods. Yang er al. [103] reported population reductions in
the range 1 to 2logs for 5. Typhimurium and L. coli OISTHT on inoculated
freshecut lettuce, treated by spraying with 0.3% CPC. Similar reductions were
ohtained with strawberries inoculated with £, coff O157:H7 or 8. Montevideo
and immersed in 0.1% CPC at 43°C [38] However, regulatory approval for
this agent has not vet been obtained (www.safefoods.net/cecure.hitm).
Activated lactoferrin, which prevents aftachment of bacleria to meat, is
approved by the FDA and USDA for application to beef as a carcuss Tiise
[104] (also sce www.activinlf.com). However, there are no reports of it
applicability to [ruits and vegetables. Silver and copper ions are known to exert
antimicrobial activity apainst bacteria in water [105]. and ion generators have
heen marketed for disinfection of water in swimming pools, irrigation systems,
and various other commercial applications (Tew Manufacturing Corp., 800-
380-5839: T.P. Technology ple, www.tarn-pure.com). Application of this
technology to produce packing lincs and dump tanks at recommended levels
of 0.50 ppm copper and 0.035 to 0.05ppm silver has been proposed {Tew
Manufacturing Corp.), but published efficacy data are lacking, and the
regulatory status of such applications is unclear.

17.3.5  SynerGisTIC TREATMENT COMBINATIONS

Certain combinations or scquences of treatments may show synergism in
inactivating or detaching microbial contaminants en produce. Such behavior
might be anticipated if’ the indlvidual treatments have different modes of
action, e.g., cell membrane disruption and oxidation. Several cxamples of
promising combination treatments have been reported: the sequential washing
of cantaloupes with detergents and hydrogen peroxide [34] and the apph-
cation of an acetic acid—hydrogen peroxide combination to inoculated appla
disks [102]. Lin er al. [106] investigated the inactivation of E. coli Q13T:HT,
S. enterica serotype Enteritidis, and L. monocylogenes by combinations of
hydrogen poroxide and lactic acid and hydrogen peroxide with mild heal.
Further research in. this area-mav vield treatment combinations that show
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greater efficacy towards bacteria located in punctures or pores or incorporated
in hiofilms on produce surfaces.

17.4 FOODSERVICE AND HOME APPLECA?EONS.

While conventional sanpitizing agents, applied to produce with commercial-
seale washing equipment, have the capability of achieving 1 to Zlog population
reductions in contaminated produce, this option is not generally available for
foodservice and consumer applications. Consumers and operators of
delicatessens, restaurants, and other foodservice establishments do not have
the technical skills or knowledge to prepare the more potent sanitizer solutions
used commercially nor do they have access to commercial washing equipment.
Duff er al {107] developed an economic model to evaluate the potential cost-
effectiveness of a disinfection program that targets high-risk food preparation
activitics in househiold kitchens. They concluded that sach a program would be
cost-cficctive. What options are available to consumers and foodservice
managers so that they can provide some meantngful level of protection to therr
families or customers?

17.4.1 FDA RFECOMMENDATIONS

The FDDA advises consumers to: “Wash alt-fresh fruits and vegetables with
cool tap water immediafely before eating. Don't use soap or detergents. Scrub
firm produce, such as melons and cucumbers, with a clean produce brush.
Cut away any bruised or damaged areas before eating.” Consumers are alse
advised to:

Wash surfaces often,. Cutting boards, - dishes, utensils, and counter fops
should be washed with hot seapy water and sanitized alter coming in contact
with fresh produce, or raw meat, poultry, or seafood. Sanitize after use with
a solution of 1 teaspoon of chlorine bleach in 1 quart of water. Don’t cross
contaminate, Usc clean cutting boards and ufensils when handling fresh produce.
I possible, use one clean cutting board for fresh produce and a separate one for
raw meat, poultry, and seafood. During food preparation, wash cutting boards,
utensils, or dishes that have come into contact with fresh produce, raw meat,
poultry. or scafood. Do not consume ice that has come in contact with fresh
produce or other raw products (www.fda.gov/bbs/topics/ ANSWERS/ 2002/
AMNS0H67 html)).

In the situation where a particular fruit or vegetable is suspect, more
specific advice is provided: For example, in response to an outbreak of
hepatitis A in green onions, the FDA recommended: “Cook green onions
thoroughly. This minimizes the risk of llness by reducing or eliminating the
virus. Cook in a casserole or sauté in a skillet” and “Cook sprouts. This
significantly reduces the risk of tllness” [108]. While a kill step is undoubledly
effective, it would not be apphicable to-many fruits and vegetables that would
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no longer be considered “fresh”™ il subiected to a cook or full blanch and would
lose their appeal o consumers. Washing produce without 4 sanitizer i3 not
likely to achieve the pepulation reductions that can be obiained with
comrercial sanilizing agents and equipment.

17.4.2  Ortuer OPTIONS

Alternative methods of surface sanitizing cantaloupes were examined by Barak
et af. [109]. They reported reductions in the bacterial foad of 70, 80, and 9%
by scrubbing the melons with a vegetable brush in tap water, washing with
soap, and dipping i 130 ppm sodium hypeochlorite, respectively. Howsver, a
three-compartment sanitation method comprising washing with an antimicros
hial scap, scrubbing with a brush in tap water, and mmmersion in a4
hypochlorite solution resulted in a4 99.8% reduction. Population reductions
exceeding 5logs were oblained on cut iceberg lettuce, Inoculated with E. coli
CDCI932, by washing with diluted vinegar (1.9% acetic acid); in contrast,
washing with diluted bleach solution (180 ppm available chiorine} and lemon
juice {(0.6% citric acid) vielded 1.6 and 2.1log reductions, respectively [110].
However, the vinegar treatment resulted in some product damage, Application
of a solution containing 1.5% lactic acid and 1.5%% hydrogen peroxide as a 15-
minute soak at 40°C was reported to vield greater than 5log reductions in the
population of E. coli OL8T:HT, Salmonella enteritidis, and Listeria mono-
cyiogenes on spot-inoculated apples, oranges, and tomatoes [111]. However, in
both studies, the surviving bacteria were recovered by a rinsing procedure such
that only unattached, exposed cells were being recovered and not bacteria that
were embedded in fruit tissucs or biofilms or attached to fruit surfaces. This
may have yiclded unrealistically high population reductions. Smith ef of, {117]
evaluated a commercial peroxyacetic acid formulation wtended for food-
service apphications (Viclory produce wash; Ecolab, St. Paul, MN; www.eco-
lab.com) for reducing the bacterial load on lettnce; small reductions {(~1log)
were obiained. Lukasik ¢f @/ [38] compared various washing treatments,
including consumer-oriented products (detergents, Fit® and Healthy Harvest)
on inoculated strawberries; population reductions for £ cofi O15THT, 5.
montevideo, and several viruses were between 1 and 2 logs, Parnell and Harris
[113] compared water, sodium hypochlorite, and vinegar as consumer washes
for reducing salmonella on spot-inoculated apples. Population reductions
obtained with vinggar and chloring washes were 2 to 3logs -greater than
reductions obtained with water. Treatment with sodium hypochlorite and
vinegar yielded comparable reductions in the population of natural microbiota
of lettuce {114}, A study of consumer acceptance of a home use antbacterial
sohutton for samihizing apples mdicated that consumers would be unwilling
to use a procedure requiring the 15-minute heat and soak step [1155:
Venkitanarayanan ef «f. [116] reported that an electrolyzed water treatment
was cffective in inactivating foodborne pathogens on smoeoth plastic kitchen
cutting boards. They did not investigate scarved cutting boards which might be
expected 1 a kitchen or foodservice situation.
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17.4.3  Commercial EQUIPMENT AND WASH
FormuLaTions FOR Home OR
Foopservice USE

Some manufacturers of commercial equipment for sanitizing produce have
developed small-scale units suitable for consumer and foodservice use.
Systems based on use of clectrolyzed water are being marketed by Sterilox
Technologies, Tnc. (www.sterifoxlechnologics.com) and Hoshizaki America,
Inc. (www hoshizakiamerica.com). Small-scale systems based on ozone are
being marketed by Sterilion Ltd (www.performancesystems.com/medical htm)
and UltrOzone (UC Davis Postharvest Technolegy Center; 1-866-21-
OZONE).

A number of commercial fruit and vegetable wash formulations intended
for consumer use are being marketed, but little information s available about
their performance in reducing microbial populations. Fit¥, a produce wash
produced by Procter & Gamble Co. and marketed [or a number of years, did
show some antimicrobial activity in addition to removing dirt, wax, and other
residues {117,118], although no claims were made by the company that the
consumer product had antimicrobial activity. They did make such a claim for a
“Pro Line Fit” intended for commercial rather than consumer use. Fit is now
marketed by HealthPro Brands, Inc. (www.healthprobrands.com). JohnsonDi-
versey markets a Hard Surface Sanitizer/Froit & Vegetable Wash (Product
4444) claimed to have antimicrobial activity (www jwp.com/jwp/Prodinfonsf/,
click on foodservice, then sanitizers). Another product with documented
antimicrobial activity is Pro-San”, provicusly marketed as Vegi-Clean®
{(www microcideinc.com/prosan.htm). A product derived from oranges anc
other GRAS ingredicnts and claimed to have antibacterial properties is
marketed under the name CitroBio for postharvesl processing, use in refal
misting systems, or as a produce wash for consumers (www.citrobio.com)
Grapefroit seed extract (Citricidal™) is reputed to have antimicrobial properties
{www.biochemrescarch.com) and is being marketed as a consumer-use cleanc
and disinfectant for fruits and vegetables (www.pureliguidgold.com). Gthe
produce washes include: Veggie Wash™ marketed by Beaumont Product
(www.citrusmagic.com), Nature Clean Fruit & Veggie Wash (claimed 1«
remove bacteria) (www.smallplanetinc.com, www. healthyhomeservices.ca
www.[rankross.com), CleanGreens! (www.cleangreensinc.com), and Organi
clean (www.organiclean.com).

In addition to these commercial products; recipes for fruit and vegetable
washes can be found on the internet. Typical examples include dilutec
3% hydrogen peroxide {www wellnesstoday.com), and vinegar and 3% hydro
gen peroxide sprays applied individually to produce (hitp://myexecpe.com,
~mjsteuff/articles/vinegar.html). One source suggests use of 35% hydroger
peroxide around the house, a potentially dangerous recommendalion
specific uses {or produce treatment call for use of 3 or 5% solutions (http:/,
hZoZ2hvdrosenperoxide com/additrion himl).
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17.5  CONCLUSIONS

The efficacy of conventional washing technofogy in reducing populations of
human pathogens and other microorganisms on fresh produce surfaces is
limtted to | to 2logs, a significant improvement compared to the unwashed
produce but msufficient {o ensure food safety. Incremental improvements in
washing efficacy can be obtained through buffermg, addition of surfactants,
temperaiure elevation, full immersion, and washing with vigorous agitation.
However, greater population reductions cannot be obtamed because of the
strength of microbial attachment to produce and location of attached
microorganisms in inaccessible sites. Approved alternatives to chloring may
provide certain techmical advantages and avord disudvaniages such as
formation ol foxic reaction products, but differences in antimicrobial efficacy
arc small. Washing agents developed for foodservice or home use may
exhibit antimicrobial activity, but safe and uniform application may be
problematic without the controls available for large-scale produce packing
and procegssing applications. Microbial reduction benefits claimed by many
purveyors of home-use formulations, especially those marketed via the
Internet, are unsubstantiated. Experimental washing agents, if found to be
technicaily and economically feasible, or synergistic sequences or combi-
nations of treatments may provide addition gains m efficacy over current
technology, but attainment of high levels of safety such as afforded by a Slog
reduction in pathogen populations s uorealistic. Use of other technologies
such as surface pasteurization or wradiation may be required to reach this
tevel of safety.
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